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摘  要
         
         
纳米纤维由于其超高的比表面积和卓越的力学、电学和化学特性在传感、生物医药
、能源等领域有着广泛的应用前景和强劲的市场需求。静电纺丝是目前批量化制备
纳米纤维的最重要方法之一，针对现有电纺方法存在的如多针尖多管孔电纺技术射
流间相互影响，针尖管孔易堵塞；依靠特殊形状电极以及液面扰动的自由液面电纺
则存在电极钝化和纤维形貌差异大等缺点，论文提出非接触式棒诱导电纺方法：采
用接地诱导棒在聚合物液面近空间移动，强电场作用下靠近诱导棒的液面上出现大
量微细射流，诱导棒移开后射流经过拉伸、鞭动和挥发，在接地收集板上收集到大
量纳米纤维。论文围绕非接触诱导电纺基本工艺规律、流体运动机理与行为分析以
及非接触诱导电纺装备开发与验证等开展研究，为大规模非接触式电纺装备开发奠
定基础。论文研究主要包括：
（1）分析不同材料诱导棒的诱发射流特性，理论分析材料介电特性和导电特性对
电场和电荷密度的增强作用。电场有限元分析和实验表明诱导棒导电特性是激发射
流的主要原因，且诱导棒电阻在107~1010Ω可诱发射流。探讨非接触诱导电纺工艺
规律，着重分析影响诱发射流临界电压的因素，确定流经诱导棒电流与工作电压、
诱导棒电阻、移动速度等的相互关系。
（2）分析电液耦合场和相场法基本理论，利用相场法分析液面流变与其速度、所
受电应力间的对应关系。研究不同的诱导棒直径、电压以及溶液物性参数对射流激
发的影响，发现仿真结果中射流的形状、几何尺寸、时间尺度以及诱发射流的临界
电压范围等与射流初期相应特性有良好的一致性。探究诱导棒移动时气液界面初期
形状的时变特征，阐明诱导棒移动引起的电荷迁移可促使多射流跟随诱导棒移动方
向依次激发。
（3）研制一台自动化非接触诱导电纺装备，可实现诱导棒在溶液槽上方的平移和
自转等功能。在该自动化装备上研究溶液浓度、电极间距、诱导距离、和电压等对
纳米纤维直径以及产量作用效果，结果表明：浓度12%PEO溶液，收集距离35cm，和
60kV工作电压下可得直径分布在50~400nm间形貌良好的纳米纤维，产量最大可达
61.7 g/m2&#8729;h。
厦
门
大
学
博
硕
士
论
文
摘
要
库
         
关键词：纳米纤维；静电纺丝；大规模制造；电液动力学
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract
         
         
Because of its high surface area and excellent mechanical properties, nanofibers
can be widely used in the fields of sensors, biomedicine, energy and so on.
Electrospinning is one of the most important methods for manufacturing
nanofibers, while there are some difficulties for electrospinning in mass
production. For multi-nozzle or multi-hole electrospinning, adjacent jets show
interference with each other and can be easily clogged. Free surface
electrospinning depending on special shapes of electrodes or introducing
disturbance to the solution surface also suffers the drawbacks such as electrode
passivation and poor morphology of nanofibers. Therefore, this paper proposed
noncontact rod induced electrospinning method, using a rod moving above plane
free solution surface, lots of tiny jets will be generated on the solution surface
under the rod because of the high electric field. After the rod moves away, the jets
will be stretched and whip with solvent evaporation, then turn into nanofibers and
deposit on the grounded collector. The paper focus on the basic technological
rule of noncontact rod induced electrospinning, mechanism analysis of fluid
motion and device design for noncontact rod induced electrospinning, which lays
the foundation for developing noncontact rod induced electrospinning device for
mass production. The main contents of this paper are presented as follows:
(1) The inducing properties with different rod materials were analyzed. The roles
of the dielectric and conductive properties of rod played in enhancing the electric
field and charge density were also investigated. The finite element analysis of
electric field and the experiments results showed that the conductivity of the rod
played the main important role in inducing jets, and the rod with a resistance of
107~1010Ω can induce jets. What’s more, this paper investigated the rules of
noncontact rod-induced electrospinning process, especially on the factors which
influence the critical voltage. It explored the correlation between the current
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across the rod and the applied voltage/the resistance of rod/moving speed of rod.
(2) The paper introduced the basic theory of electrohydrodynamics, and analyzed
the correspondences between the fluid surface deformation and the fluid speed/
electrical stress in the fluids. We conducted the simulation with different inducing
distance, applied voltage and solution properties to evaluate their influence on
generating jets, and the simulation results show great agreement with
experiments. In addition, a moving mesh method was used to investigate the
earlier deformation of the interface caused by the moving rod, showing the
importance of charge migration resulted from rod movement in generating multi-
jets.
(3) We developed the automated noncontact rod-induced electrospinning device,
whose rod can move above the reservoir while rotating. The throughput of the
setup was measured and the morphology of nanofibers was analyzed with
different solution concentration, voltage, inducing distance, rod speed and
collecting distance using this automated device. The results showed that the
optimized electrospinning parameters for PEO solution should be as follows:
solution concentration of 12%wt, applied voltage of 60kV and collecting distance
of 35cm. By these optimized conditions, the diameter of nanofiber with nice
morphology ranged from 50nm to 400nm. The maximum throughput of the device
can reach 61.7 g/m2&#8729;h.
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